INTRODUCTION
============

Acute ischemic stroke (AIS) is a life-threatening medical emergency that warrants immediate intervention. Current guidelines for the safe and effective treatment of AIS include administration of intravenous (IV) recombinant tissue plasminogen activator (tPA) for thrombolysis within 4.5 hours of symptom onset. This time-window was established by analysis of the NINDS, ECASS, ATLANTIS, EPITHET, and IST-3 randomized controlled trials (RCTs), which revealed improved functional stroke outcomes when tPA was delivered within 3--4.5 hours of stroke onset, and greater proportional and absolute benefits from earlier treatment.[@b33-jcen-22-1-1] For AIS caused by a large vessel occlusion (LVO) in the proximal anterior circulation, the MR CLEAN, ESCAPE, SWIFT PRIME, EXTEND-IA, and REVASCAT RCTs showed that intra-arterial mechanical thrombectomy (MT) is safe and more effective than IV thrombolysis alone.[@b33-jcen-22-1-1]

Intracranial hemorrhage (ICH) is a concern with LVO, with reported rates up to 6.4% overall in patients treated with IV thrombolysis and 11.2% for those treated with endovascular therapy.[@b5-jcen-22-1-1][@b7-jcen-22-1-1][@b9-jcen-22-1-1][@b12-jcen-22-1-1][@b18-jcen-22-1-1][@b21-jcen-22-1-1][@b28-jcen-22-1-1][@b30-jcen-22-1-1][@b34-jcen-22-1-1] Although the risk of symptomatic ICH is significantly increased with MT likely due to a combination of endothelial damage and/or use of antithrombotic agents to prevent periprocedural thrombotic events,[@b1-jcen-22-1-1][@b15-jcen-22-1-1][@b17-jcen-22-1-1][@b19-jcen-22-1-1][@b27-jcen-22-1-1][@b31-jcen-22-1-1][@b37-jcen-22-1-1] in selected LVO patients with high risk of re-occlusion due to incomplete revascularization, luminal irregularities, or underlying intracranial atherosclerotic disease (ICAD), early initiation of antiplatelet regimens may decrease the risk of further ischemic events. There is nonetheless concern for increased ICH risk in MT patients receiving peri-procedural antiplatelet therapy (with or without prior tPA) despite inconclusive data,[@b32-jcen-22-1-1][@b39-jcen-22-1-1] and it is typically avoided until 24 hours post-procedure.

AIS patients with LVO and concomitant proximal high-grade "tandem" stenosis limiting access to distal lesions, or refractory intracranial stenoses, may require stent placement for successful revascularization.[@b4-jcen-22-1-1][@b6-jcen-22-1-1][@b13-jcen-22-1-1][@b22-jcen-22-1-1][@b34-jcen-22-1-1][@b36-jcen-22-1-1] In these emergent cases antiplatelet therapy is initiated in the immediate peri-procedural period at our institution to prevent stent occlusion secondary to local platelet activation. We herein evaluate the outcomes of antiplatelet use within 24 hours of tPA in this population, with this data having relevance to the potential safety of early antiplatelet administration in selected non-stent post-MT patients with high risk for re-occlusion due to incomplete revascularization or luminal irregularities.

MATERIALS AND METHODS
=====================

This study was performed in compliance with Institutional Review Board (IRB) and Health Insurance Portability and Accountability Act regulations. Patient consent for procedures, data collection, and review was obtained based on institutional guidelines.

Retrospective review of a prospectively-maintained database of consecutive AIS patients undergoing MT at the University of California, San Diego Medical Center from June 2015 to April 2018 was conducted. Patients were included if they were treated with tPA within 4.5 hours of symptom onset, underwent acute MT with stent placement for refractory tandem occlusions or persistent stenosis, and had initiation of antiplatelet therapy (dual oral or rectal antiplatelets or eptifibatide drip with later transition to dual oral antiplatelets) within 24 hours of tPA administration.

Our institutional thrombolysis protocol is consistent with international guidelines and has been described previously.[@b11-jcen-22-1-1][@b25-jcen-22-1-1] At the time of stroke code, patients were evaluated with activation of the neurointerventional team for thrombectomy. Stroke severity was assessed using the National Institutes of Health Stroke Scale (NIHSS) and all patients then underwent pre-procedure imaging: computed tomography (CT) or magnetic resonance imaging to rule out intracranial hemorrhage and CT angiography (CTA) or MR angiography (MRA) to assess for presence and location of vessel occlusion. All patients underwent diagnostic cerebral angiography (DCA) before and after intervention. Thrombectomy was performed using direct aspiration and/or stent retriever, and the thrombolysis in cerebral infarction (TICI) scale was utilized to assess revascularization. Stent placement was performed after revascularization when possible. The institutional preference for antiplatelet administration in this patient subset evolved during the study period from primary loading of oral or rectal aspirin and clopidogrel after clearance post-operative head CT to initiation of intravenous eptifibatide before or immediately after stent placement with peri-procedural head CT, then transition to aspirin and clopidogrel. Antiplatelet-naïve patients received a loading dose of aspirin 650 mg and clopidogrel 150 mg, or eptifibatide 180 mcg/kg IV bolus then 2 mcg/kg/min IV maintenance. Patients with pre-existing antiplatelet therapy received adjusted dosages.

Via chart review, we identified the following patient characteristics: age, sex, NIHSS score, site of stenosis or occlusion and stent placement, TICI score, comorbidities, and post-operative complications. Symptomatic ICH was defined using ECASS criteria.[@b29-jcen-22-1-1] Follow-up clinical outcomes were determined using the modified Rankin Scale (mRS). Medians and interquartile ranges (IQRs) of continuous variables are reported.

RESULTS
=======

A total of 6 patients (all men) met inclusion criteria. Patient demographic, treatment, and outcome characteristics are displayed in [Table 1](#t1-jcen-22-1-1){ref-type="table"}. The median age was 55 years (IQR 53.3--62 years). Median presenting and pre-operative NIHSS scores were 14 (IQR 5.5--17.3) and 16 (IQR 13.7--18.7), respectively, with two patients experiencing post-tPA non-hemorrhagic neurologic progression. Five patients received standard pre-procedural IV recombinant tPA (0.9 mg/kg body weight), and one patient received 8 mg of intra-arterial (IA) tPA for a post-MT persistent distal middle cerebral artery (MCA) branch occlusion. The median time from stroke symptom onset to IV tPA administration was 120 min (IQR 78--204 min). Clots were successfully removed from the internal carotid artery (ICA) or MCA in 5 patients, the anterior cerebral artery (ACA) in one patient, and the vertebrobasilar junction in one patient. All patients underwent MT before stenting and achieved TICI 2B recanalization. Stents were placed in the ICA (n=4), common carotid artery (CCA; n=1), and basilar artery (BA; n=1). The median time from stroke onset to endovascular access was 185 min (IQR 136--417 min). Median time between tPA and antiplatelet initiation was 4.9 hours (IQR 3.0--6.7 hours). No patients experienced symptomatic ICH. One patient had delayed initiation of post-procedure antiplatelets due to contrast versus hemorrhage on post-operative head CT. Interval (6 hours) CTA demonstrated in-stent thrombosis and the patient was loaded on aspirin and clopidogrel before undergoing mechanical thrombectomy and intra-arterial eptifibatide. One patient died from sepsis secondary to additional comorbidities. Median mRS on discharge was 3.5 (IQR 3--4.5). Follow-up data was only available for four patients.

DISCUSSION
==========

In this series of consecutive post-tPA/MT plus stenting patients receiving early antiplatelet therapy, there were zero instances of symptomatic ICH. In the absence of widely-accepted treatment guidelines for patients with tandem occlusions or refractory intracranial stenosis and AIS, there is ongoing debate for the role of acute stenting in this population due to the potentially increased risk of ICH with requisite antiplatelets,[@b3-jcen-22-1-1][@b6-jcen-22-1-1][@b13-jcen-22-1-1][@b16-jcen-22-1-1][@b40-jcen-22-1-1] especially in patients that received prior tPA. Antiplatelet strategies by those advocating stenting in this setting typically involve pre- or peri-procedural dual oral antiplatelet or intravenous glycoprotein IIb/IIIa inhibitor loading followed by maintenance therapies,[@b4-jcen-22-1-1][@b13-jcen-22-1-1][@b34-jcen-22-1-1] although holding antiplatelets for 24 hours after tPA despite stent placement has also been described.[@b22-jcen-22-1-1] This latter approach likely derives from the current stroke guidelines that advise against the administration of antiplatelets within 24 hours of tPA,[@b33-jcen-22-1-1] and are based on RCTs that demonstrated increased ICH risk without improved outcomes for the early administration of aspirin after tPA.[@b41-jcen-22-1-1] However, these studies did not account for the increased thrombotic risk in patients undergoing MT or stent placement, a consideration highlighted by the in-stent thrombosis seen in the one patient in this study that had delayed initiation of post-procedural antiplatelets. While stent placement in our patient sample provided a compelling rationale for expedited post-tPA/MT antiplatelet initiation,[@b10-jcen-22-1-1][@b16-jcen-22-1-1] this population is also an effective proxy for assessing the theoretical safety of early post-tPA/MT antiplatelet use in non-stented patients at high risk for re-occlusion (i.e., those with large vessel occlusions from ICAD versus embolic disease, elevated platelets, and residual embolic fragments/stenosis at the thrombectomy site).[@b2-jcen-22-1-1][@b26-jcen-22-1-1]

Current data on the impact of antiplatelet use in the peri-thrombolysis/peri-thrombectomy period remains incomplete. While preexisting [antiplatelet](https://www.sciencedirect.com/topics/nursing-and-health-professions/antithrombocytic-agent) and anticoagulant use has been found to increase the risk for symptomatic ICH in patients with AIS, these effects appear to be independent of tPA administration or performance of a MT.[@b14-jcen-22-1-1][@b15-jcen-22-1-1][@b23-jcen-22-1-1][@b24-jcen-22-1-1][@b38-jcen-22-1-1] Moreover, prior antiplatelet treatment may actually improve long-term post-stroke outcomes.[@b38-jcen-22-1-1] A study by Broeg-Morvay et al. provides additional relevant data, as it compared the outcomes of patients who received tPA and underwent endovascular intervention for AIS with and without aspirin, finding that antiplatelet therapy did not increase the risk of bleeding complications or poor clinical outcome in this cohort.[@b8-jcen-22-1-1] Although endovascular recanalization procedures varied (e.g. IA thrombolysis, MT, and/or stent placement), and patients meeting our inclusion criteria were not separately described, this study provides evidence for the safety of early post-tPA antiplatelet use in AIS patients treated endovascularly.

Other series with mixed populations report no effect or a protective effect of tPA on the rate of symptomatic ICH post MT/stenting for AIS,[@b4-jcen-22-1-1][@b40-jcen-22-1-1] despite a potentially increased risk of symptomatic ICH with stenting in general in AIS patients undergoing endovascular therapies.[@b13-jcen-22-1-1] Han et al. also report a series of AIS patients receiving an emergent loading dose of antiplatelets (aspirin 300 mg and clopidogrel 300 mg) with acute stenting after tPA, finding a low rate of rate of hemorrhagic transformation (1/12 or 8.3%) with this protocol.[@b20-jcen-22-1-1] Our data contribute to this literature, supporting the potential safety of early antiplatelet administration after tPA in selected AIS patients.

Limitations of our study include its small sample size and observational design. While our data are underpowered to definitely determine the impact of antiplatelet therapy on recanalization rates or ICH after tPA/MT, it highlights an important gap in the literature and current stroke treatment guidelines. These data support future RCTs comparing the outcomes of post-tPA/MT patients at high risk for re-occlusion with or without early antiplatelet administration. Critical in the design of such trials will be multivariate analyses accounting for demographic and procedural confounders, as well as sustained patient follow-up to determine long-term clinical results.

CONCLUSIONS
===========

In this single-institution case series, symptomatic ICH was not seen after antiplatelet administration within 24 hours of tPA in patients undergoing MT and stent placement for AIS. These data warrant further exploration of the safety of early antiplatelet administration in post-tPA/MT patients deemed high risk for re-occlusion.
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###### 

Patient characteristics and outcomes

  No.   Age   Sex   Initial NIHSS   Pre-op NIHSS   Etiology     tPA   Angio plasty   Stent Site   MT Site                   OTT    OMT     TAT                                                 TICI   HT   Discharge mRS   30d mRS   90d mRS
  ----- ----- ----- --------------- -------------- ------------ ----- -------------- ------------ ------------------------- ------ ------- --------------------------------------------------- ------ ---- --------------- --------- ---------
  1     64    M     15              *"*            Stenosis     IV    Yes            R ICA        R ICA terminus, L A1/A2   0:57   2:19    10:49[\*](#tfn1-jcen-22-1-1){ref-type="table-fn"}   2B     0    4               NA        4
  2     30    M     21              *"*            Dissection   IA    No             L ICA        L ICA terminus            3:35   0:49    1:53                                                2B     0    3               2         2
  3     54    M     18              *"*            Dissection   IV    No             L ICA        L M1                      1:18   2:15    3:01                                                2B     0    3               NA        NA
  4     53    M     13              *"*            Stenosis     IV    No             R ICA        R M2                      2:28   3:52    3:10                                                2B     0    2               2         NA
  5     56    M     1               17             Dissection   IV    No             L CCA        L M2                      2:00   7:59    6:41                                                2B     0    5               NA        NA
  6     70    M     3               14             Stenosis     IV    Yes            BA           L VB junction             3:24   12:27   10:53                                               2B     0    6               6         6

Antiplatelet administration delayed by contrast extravasation versus hemorrhage on post-operative head CT.

NIHSS, National Institutes of Health Stroke Scale; tPA, tissue plasminogen activator \[route of administration\]; IV, intravenous; IA, intraarterial; MT, mechanical thrombectomy; ICA, internal carotid artery; CCA, common carotid artery; BA, basilar artery; VB, vertebrobasilar; OTT, Onset-to-tPA time (hour:minute); OMT, Onset-to-thrombectomy time (hour:minute); TAT, tPA-to-antiplatelet therapy time (hour:minute); TICI, thrombolysis in cerebral infarction; HT, hemorrhagic transformation; mRS, Modified Rankin Scale
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